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ABSTRACT

Obesity is associated with an increased risk of several major noncommunicable diseases, and is an important public health concern globally. Dietary
fat content is a major contributor to the increase in global obesity rates. Changes in dietary habits, such as the quality of fatty acids in the diet, are
proposed to prevent obesity and its
metabolic complications. In recent years, a number of studies have found that oleic acid (OA), the most common MUFA in daily
nutrition, has protective effects against human disease. Importantly, there is emerging evidence indicating the beneficial effects of OA
in regulating body weight. Accordingly, the objective of this systematic review was to investigate the effects of diets enriched in
monounsaturated OA on the management and prevention of obesity, emphasizing possible mechanisms of action of OA in energy
homeostasis. Searches were performed in PubMed/MEDLINE, ScienceDirect, Scopus, ProQuest, and Google Scholar databases for clinical trials
that examined the effects of diets rich in OA on obesity. Of 821 full-text articles assessed, 28 clinical trials were included in the present study.
According to the studies examined in this review, diets enriched in OA can influence fat balance, body weight, and possibly energy expenditure.
Importantly, abdominal fat and central obesity can be reduced following consumption of high-OA–containing meals. Mechanistically, OA-rich
diets can be involved in the regulation of food intake, body mass, and energy expenditure by stimulating AMP-activated protein kinase signaling.
Other proposed mechanisms include the prevention of the nucleotide-binding oligomerization domain-like receptor 3/caspase-1 inflammasome
pathway, the induction of oleoylethanolamide synthesis, and possibly the downregulation of stearoyl-CoA desaturase 1 activity. In summary, current
findings lend support to advice not restricting consumption of OA-rich meals so as to maintain a healthy body weight. Adv Nutr 2020;11:864–877.

Keywords: body composition, body weight, dietary fatty acids, energy metabolism, fat oxidation, monounsaturated fatty acids (MUFAs), obesity,
oleic acid

Introduction
Obesity is widely regarded as a chronic disease, and is
an important public health concern globally (1, 2). In
the NHANES, obesity was related to a higher risk of
type 2 diabetes, coronary heart disease, hypertension, os-
teoarthritis, and high blood cholesterol (3). Other studies
have also demonstrated an association between obesity
and the prevalence of comorbid illnesses (3, 4). Given the
high prevalence of overweight and obesity, efficacious and
innocuous antiobesity strategies are of primary importance
for both patients and health systems (5). Dietary fat content
is a major contributor to the increase in global obesity rates
(6). Changes in dietary habits, such as the quality of fatty acids
in the diet, are proposed to prevent obesity and its metabolic

complications (6, 7). Some studies have demonstrated that
MUFAs are beneficial for the management and prevention of
obesity (8–11). In recent years, great attention has been given
to oleic acid (OA), which is the most common MUFA in daily
nutrition (12, 13). OA is found not only in olive oil, but also in
other vegetable oils (e.g., high-oleic varieties of soybean and
canola), nuts, fruits, and animal products (e.g., ground beef,
pork, and eggs) (13). Evidence is emerging that diets enriched
in monounsaturated OA can be linked to beneficial effects on
body composition, thereby contributing to the management
and prevention of obesity (14). Furthermore, a deriva-
tive of OA, oleoylethanolamide (OEA), has been demon-
strated to reduce hunger and subsequent food consumption
(5, 15, 16).
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OA has been shown to play a role in weight management,
making it an attractive molecule, but it requires further
exploration in obesogenic environments. Therefore, the
objective of this systematic review was to investigate the
effects of diets enriched in monounsaturated OA on the
management and prevention of obesity, emphasizing possible
mechanisms of action of OA in energy homeostasis.

Methods
Information sources and search strategy

The present systematic review was conducted according
to the guidelines of the 2015 Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) statement.
Search was performed in PubMed/MEDLINE, ScienceDi-
rect, Scopus, ProQuest, and Google Scholar databases up
to October 2019 using the following keywords: “oleic
acid,” “olive oil,” “MUFA,” “monounsaturated fatty acid,”
and “Mediterranean diet” in the title, and “overweight,”
“obesity,” “obese,” “BMI,” “body mass index,” “waist cir-
cumference,” “central obesity,” “adiposity,” “adipose tissue,”
“android fat,” “gynoid fat,” “body composition,” “energy
expenditure,” “weight control,” and “appetite” in the title or
abstract.

Eligibility criteria
Only human intervention studies were eligible for inclusion.
All clinical trials written in English evaluating the effects of
diets enriched in monounsaturated OA on the management
and prevention of obesity were included. Articles with
insufficient information were excluded from the review.
Furthermore, studies that investigated the effects of OA
on other disorders, for example, atherosclerosis, diabetes,
cancer, and autoimmune and inflammatory diseases, were
ineligible.

Data extraction
First, 2 reviewers independently screened studies by ti-
tle/abstract to identify eligible articles; studies that did not
meet the inclusion criteria were excluded. The reference lists
for each article were also examined to identify additional
and relevant studies. Then, all potentially relevant full
texts were assessed in more detail for data extraction.
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thermogenesis; EE, energy expenditure; FOx, fat oxidation; FXCO, flaxseed oil blended with
canola oil; HCLF, high-carbohydrate low-fat diet; HF, high-fat; HOCO, high-oleic-acid canola oil;
MF, modified-fat; NLRP3, nucleotide oligomerization domain–like receptor protein 3; OA, oleic
acid; OEA, oleoylethanolamide; PA, palmitic acid; PGC-1α, peroxisome proliferator–activated
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waist circumference.

In cases of controversy, the articles of debate were dis-
cussed by the authors, and a final decision was made
accordingly.

Results
As presented in Figure 1, our search method initially
identified 821 articles, of which 429 were considered after
duplicates had been removed. Of these, 399 articles were
excluded, because they did not fulfill the inclusion criteria.
Eventually, 30 studies were obtained according to the
research topic. After critical analysis, 28 clinical trials were
included in the study. Details of the studies are presented
in Table 1.

Changes in body composition following consumption of
diets rich in monounsaturated OA.
The results from clinical trials suggest a favorable association
between MUFA-rich diets and body composition, mainly in
improving the android-to-gynoid fat mass ratio (6, 16, 17).
Abdominal obesity is mainly linked to an increased risk of
metabolic syndrome and has a higher cardiometabolic risk
compared with gynoid obesity (15, 17). The study performed
by Walker et al. (18) was one of the first to investigate the
association between a diet high in monounsaturated fat and
body composition. The researchers investigated the effects
of 2 different isocaloric diets including a fiber-rich, high-
carbohydrate, low-fat (HCLF) diet (23% fat, 9% MUFAs) and
a modified-fat (MF) diet rich in monounsaturated fat (35%
fat, 20% MUFAs) on body fat distribution using DXA in
patients with type 2 diabetes during a randomized crossover
study (18). After 12 wk, participants lost similar amounts of
body fat following consumption of the HCLF and MF diets.
The ratio of upper fat to lower fat (UF:LF) did not change
with the MF diet high in monounsaturated fat due to the
proportionate loss of fat from the upper and lower body.
However, the UF:LF ratio was enhanced using an HCLF diet
due to the disproportionate loss of lower-body fat. The results
also showed that the proportion of OA in plasma cholesteryl
esters correlated inversely and significantly (P < 0.01) with
the UF:LF ratio (18). However, similar correlations were not
observed with saturated fatty acids (SFAs) or with other
unsaturated fatty acids (UFAs). These findings suggest that
the MUFA-rich diets can exert beneficial effects on upper-
body fat accumulation.

These findings of diets rich in monounsaturated fat
leading to body composition changes were also verified by
another study (14). A large interventional trial examined the
effects of 5 isocaloric diets containing different proportions
of PUFAs and MUFAs using DXA scan in subjects at risk
of metabolic syndrome (14, 19). After the administration of
the 2 types of diets rich in MUFAs, canola oil, and high-
oleic-acid canola oil (HOCO), participants had less adiposity
and a lower body mass compared with those following
consumption of a diet high in PUFAs after 4 wk (14).
Furthermore, the decrease in android fat mass was influenced
by gender. Males had a lower android fat mass and a lower
android-to-gynoid fat mass ratio after the highest OA diet
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FIGURE 1 Flow diagram of the literature search and study selection process.

than those following consumption of a diet high in PUFAs.
In addition, plasma OA concentration was highest in the
canola oil and HOCO diets compared with the other oil
diets (14). The study findings suggest that OA-rich diets can
exert beneficial effects on central adiposity in an isocaloric
setting.

The PREDIMED (Prevención con Dieta Mediterrá-
nea/Prevention with Mediterranean Diet) study assessed
the effects of 2 unrestricted-calorie Mediterranean diets,
supplemented with 30 g/d nuts or 50 mL/d extra-virgin olive
oil (40% fat), compared with a control diet (<30% of energy
from fat) on body weight and waist circumference (WC) in
older adults (20). Individuals consuming the Mediterranean

diet supplemented with extra-virgin olive oil were more likely
to lose weight compared with the control group (P = 0.044) at
5 y. Furthermore, subjects who consumed the Mediterranean
diets plus olive oil had a lower WC than the control group
at 5 y (P = 0.048) (20). It is important to mention that the
study was based not just on olive oil consumption, but on
a Mediterranean diet pattern. Moreover, extra-virgin olive
oil has an abundance of linoleic acid and other molecules
with antioxidant activity including vitamin E and phenolic
compounds; therefore, extra-virgin olive oil does not consist
solely of OA (21). Thus, though the favorable effects of the
PREDIMED study on weight management cannot be fully
attributed to extra-virgin olive oil, the results lend support to
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TABLE 1 Summary of studies evaluating preventive effects of diets enriched in oleic acid in the management of obesity1

Reference Samples Study design Main results

Jones et al., 1985 (22) Normal weight healthy
men (n = 6)

Crossover design; an energy balance HF
diet (40% energy as fat) for 16 d;
subjects were given labeled SA, OA, or
LA at breakfast on day 8, 11, or 14;
measurement of breath and fecal
excretion of 13C for 9 h PP to assess
preferential use

Greater oxidation rate of OA based on
13C enrichment in breath samples PP;
fat oxidation: MUFA > PUFA > SFA

Walker et al., 1996 (18) Overweight subjects
with type 2 diabetes
(n = 16)

HCLF diet (23% fat and 9% MUFAs) vs.
MF diet high in MUFAs (35% fat and
20% MUFAs); random crossover
design for 3 mo each with a 1-mo
intervening washout period

Losing the same amount of body fat
consuming the HCLF and MF diets,
despite a marked difference in total
fat consumption; no change in the
UF:LF with the MF diet; increase in the
UF:LF with the HCLF diet; the inverse
relation between the percentage of
OA in plasma cholesterol esters and
the UF:LF

O’Byrne et al., 1997 (23) Postmenopausal
hypercholesterolemic
women (n = 25)

A low-fat/monounsaturated-rich diet
(26%, 14% energy, respectively) vs.
low-fat (≤30% energy) diet for 6 mo

A gradual and continuous trend toward
weight loss during the entire study in
the low-fat/monounsaturated-rich
diet group; weight loss in the
low-fat/monounsaturated-rich diet
group, but not in the low-fat diet
group after 6 mo; a decrease in BMI in
the low-fat/monounsaturated-rich
diet group; lower body fat in the
low-fat/monounsaturated-rich diet
group

Schmidt et al., 1999 (24) Healthy adults (n = 10) Administration of 13C-labeled oleateor
palmitate into a eucaloric formula
diet, each subject being studied on 2
occasions separated by ≥3 d and ≤26
d; consuming a diet without tracer for
2 h before tracer administration,
unlabeled oleate and palmitate (16%
of dietary energy), other fatty acids
(8% of energy)

Greater fractional oxidation of
chylomicron-derived oleate than that
of palmitate during the 8-h PP period
in healthy young adults fed frequent
small meals

DeLany et al., 2000 (25) Normal-weight healthy
men (n = 4)

Crossover design; a standard energy
balance diet for 5 d; a
weight-maintenance diet containing
40% of energy as fat and HF liquid
meal labeled with various fatty acids
including 13C-oleate and breath
enrichment collections over 9 h

Laureate (medium-chain fatty acid) was
oxidized more than long-chain UFAs,
and long-chain SFAs like stearate and
palmitate were oxidized less than
PUFAs and MUFAs;
fat oxidation: lauric acid > linolenic
acid > OA > PA > stearic acid

Piers et al., 2002 (26) Male subjects (n = 14)
BMI = 20–32 kg/m2

Crossover design; the MUFA breakfast
from EVOO vs. the SFA breakfast from
cream; paired comparison of RMR,
thermic effect of a meal after
consumption of breakfast,
administered in random order 1–2 wk
apart

Higher PP fat oxidation rate following
the MUFA breakfast vs. the SFA
breakfast; greater thermic effect of a
meal after the MUFA breakfast in
subjects with a high WC (≥99 cm)
than those with lower WC

Piers et al., 2003 (9) Overweight or obese
men (n = 8)

Randomized crossover study; a diet rich
in MUFAs vs. a diet rich in SFAs; ad
libitum modules for 4 wk; no washout

Decrease in weight, body fat mass, body
fat (%), limb fat, and trunk fat mass at
the end of the MUFA vs. diet rich in
SFA; a trend toward reduced
waist-to-hip ratio after the MUFA vs.
SFA; no significant differences in
energy or fat intake, EE, and substrate
oxidation rates

Alfenas and Mattes, 2003
(27)

Male and female
students (n = 20)

Comparison of the appetitive effects of
peanut and canola oil muffins rich in
OA with the fat-free preload

Higher fullness and lower hunger ratings
after 30, 60, and 120 min following
consumption of 2 fat sources rich in
OA (peanut oil and canola oil)
compared with the fat-free preload

(Continued)
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TABLE 1 (Continued)

Reference Samples Study design Main results

Flint et al., 2003 (28) Overweight young men
(n = 19)

Crossover design; fat-rich breakfasts
(60% of energy from fat) rich in either
MUFAs, SFAs, or trans fatty acids
followed by 5-h PP EE measurement

No differences in basal or PP values of
appetite ratings and EE in subsequent
ad libitum energy intake, or in the
sensory evaluation of the test meals
among the 3 test days

Soares et al., 2004 (29) Abdominally obese
postmenopausal
women (n = 12)

A single blind, randomized, paired
comparison of 2 high-fat, mixed test
meals; EVOO vs. cream

Significant increase in PP fat oxidation
rates following the EVOO meal vs.
cream meal; significant increase in DIT
following the EVOO meal compared
to cream meal;
fat oxidation and DIT: MUFA > SFA

Kien et al., 2005 (30) Healthy men and
women (n = 43)

Paired comparison trial; high-PA diet (fat
40%, PA 16.8%, and OA 16.4%,) vs.
high-OA diet (fat 40%, PA 1.7%, and
OA 31.4%); 28-d solid-food run-in (fat
41%, PA 8.4%, and OA 13.1%) followed
by a 28-d liquid diet

In the fed state, lower RQ with the
high-OA diet than with the high-PA
diet; higher rate of fat oxidation after
high-OA than high-PA diet; no
significant differences in fed or fasting
REE; decrease from baseline in DEE
with high-PA diet, but not high-OA
diet; decrease in body mass after
high-OA diet

Paniagua et al., 2007 (10) Obese type 2 diabetic
men and women with
abdominal fat (n = 11)

Randomized, crossover trial study;
comparison of diets enriched in SFAs,
MUFAs, or CHOs; ad libitum diet for
28 d

No changes in weight, body
composition, and REE after the diets;
higher fasting fat oxidation after the
MUFA vs. diet rich in CHOs; increase in
fatty body trunk and fat trunk-to-fat
leg ratio after the diet rich in CHOs
compared with diets rich in MUFAs,
no differences in fasting REE

Kien and Bunn, 2007 (31) Healthy men and
women (n = 20)

Double-masked trial; a baseline diet for
28 d; a high-MUFA or a high-SFA meal
on the 29th day, after a baseline diet

Lower RQ for the high-MUFA diet in the
fed state compared with the high-SFA
diet; no differences in REE or fat
oxidation

Jones et al., 2008 (32) Healthy normal-weight
men (n = 15)

Crossover design; 1 of 3 test oils,
including olive oil rich in OA;
sunflower oil rich in LA; or flaxseed oil
rich in linolenic acid (as part of
breakfast); each meal was separated
by 1 wk of regular food intake and
physical activity

Significant increase in EE following olive
oil compared with flaxseed oil; trend
toward increase in EE following olive
oil vs. sunflower oil; no significant
effects on fat or carbohydrate
oxidation with the 3 treatments;
DIT: MUFA > PUFA; fat oxidation:
MUFA = PUFA

Kien and Bunn, 2008 (33) Described above for Kien
and Bunn (31)

Described above for Kien and Bunn (31) Increase in fat oxidation with the
high-OA diet in females in fed and
fasted states; decrease in fat oxidation
with the high-PA diet in females in fed
and fasted states; no differences in fat
oxidation in males; increase in DEE
after the high-OA diet in males;
decrease in DEE after the high-PA diet
in males; no differences in DEE in
females

Due et al., 2008 (34) Overweight or obese
subjects (n = 131)

6-mo controlled dietary intervention;
comparison of the MUFA diet (>20%
MUFAs), low-fat diet (20–30% fat), and
a control diet (35% fat)

No major effect on preventing weight
regain in all groups; lower body fat
regain in the MUFA group than in the
control group

Casas-Agustench et al.,
2009 (35)

Healthy men (n = 29) A randomized crossover trial comparing
the thermogenic effects of 3 isocaloric
meals: high in PUFAs from walnuts,
high in MUFAs from olive oil, and high
in SFAs from fat-rich dairy products

Higher PP thermogenesis after the
high–olive oil meal compared with
the high-saturated meal; no
differences in fat oxidation rates
between meals; no significant
differences in satiety among meals

(Continued)
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TABLE 1 (Continued)

Reference Samples Study design Main results

Gillingham et al., 2012
(36)

Hypercholesterolemic
men and women
(n = 34)

A randomized crossover trial comparing
diets enriched with HOCO, FXCO, or a
WD; controlled feeding diet for 28 d,
4–8 wk washout

Trend towards reduction in the
android-to-gynoid ratio after the
HOCO vs. FXCO diet; no significant
changes in body composition
measures between diets; no
differences in resting and PP EE and
substrate oxidation after consumption
of the HOCO or FXCO diets, compared
with a WD

Kien et al., 2013 (37) Cohort 1: healthy,
nonobese men and
women (n = 18)

Cohort 2: obese and
nonobese subjects
(n = 14)

Double-masked, crossover trials;
comparison of the 3-wk high-PA diet
with low-PA and high-OA diets

Higher REE after 3 wk of the high-MUFA
diet, compared with the high-PA diet
in cohort 2; higher DIT in response to
the MUFA diet and meal challenge in
cohort 1, but not in cohort 2

Kien et al., 2014 (38) Healthy women and
men (n = 18)

Randomized, crossover trial study;
high-PA diet vs. high-OA diet; 7-d
baseline-control diet followed by
3-wk controlled feeding experimental
diet, 1-wk baseline diet between diets

No differences in body composition
measurements; lower fasting RER with
high-PA vs. high-OA diet; no
differences in fasting or fed fat
oxidation

Alves et al., 2014 (39) Healthy men (n = 65)
BMI = 26–35 kg/m2

Randomized, parallel-arm clinical trial;
comparison of conventional peanuts,
high-oleic peanuts, and
hypocaloric-control; hypocaloric ad
libitum diet plus 56 g/d of peanuts for
4 wk

Reduction in total body fat (kg) after all
diets, with a significant decrease in
body fat percentage in high-oleic
peanut group; increase in total lean
mass (%) in high-oleic peanut group;
greater PP fat oxidation in the
high-oleic peanut than the
conventional peanut; increase in
fasting fat oxidation in conventional
and high-oleic peanuts after 4 wk;
promotion in fat oxidation in
high-oleic peanuts during 200 min
after meal intake, compared with the
fasting condition

Barbour et al., 2014 (40) Healthy subjects (n = 24) A triple crossover study; high-oleic (OA
∼75% of total fatty acids) peanuts,
regular peanuts (OA ∼50% and higher
in PUFAs) vs. the high-carbohydrate
snack (potato crisps); applying a
normal diet on days 5, 6, and 7 as a
washout

Lower energy intake following
consumption of high-oleic and
regular peanuts, compared with
isoenergetic consumption of potato
crisps; no differences in perceived
satiety

Mennella et al., 2015 (41) Healthy normal-weight
mixed-gender
participants (n = 15)

Comparison of the meals containing
30 g bread and 30 mL of 1 of 3
selected oils: sunflower oil rich in
linoleic acid, high-oleic sunflower oil,
or virgin olive oil

Higher circulating concentrations of OEA
after consuming high-oleic sunflower
oil and virgin olive oil than after
consuming sunflower oil; a significant
reduction in energy intake at a
subsequent meal and over the
following 24 h after consuming
high-oleic sunflower oil and virgin
olive oil compared with a diet rich in
sunflower oil

Barbour et al., 2015 (42) Healthy subjects (n = 61) Randomized crossover design;
high-oleic peanut (15–20% of energy)
vs. a nut-free diet; 12-wk consumption
of high-oleic peanuts for 6 of 7 d each
week

Inverse association between
consumption of MUFAs and body fat
mass; higher energy intake following
peanut consumption vs. control,
attributed to a 30% increase in fat
intake, predominantly MUFAs; no
differences in body composition and
less than predicted increase in body
weight, despite greater energy intake
during the high-oleic peanut phase

(Continued)
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TABLE 1 (Continued)

Reference Samples Study design Main results

Liu et al., 2016 (14) Subjects at risk of or with
metabolic syndrome
(n = 101)

Randomized, crossover, 5-period,
controlled feeding study; comparison
of 5 isocaloric diets containing
different proportions of PUFAs and
MUFAs; each treatment period for 4
wk followed by a 2–4-wk washout
period

Less adiposity and lower body mass after
administration of 2 diets rich in MUFAs
(17.6% and 19.3% MUFAs) vs. the diet
rich in PUFAs (9.6% MUFAs); less
android fat mass after the highest OA
diet vs. the diet rich in PUFAs in male
participants; lower android-to-gynoid
fat mass ratio in males after the
highest OA diet vs. the diet rich in
PUFAs

Estruch et al., 2016 (20) Adults at risk of
cardiovascular
diseases (n = 7447)

Randomized, controlled clinical trial;
comparison of Mediterranean diet
supplemented with EVOO;
Mediterranean diet supplemented
with nuts; or a control diet (advice to
reduce fat intake)

Reduced body weight and increased WC
after a median 4.8 y in all 3 groups;
more weight loss in participants
consuming the Mediterranean diet
plus EVOO, compared with control
group after a median 4.8 y; less gain in
central adiposity with the
Mediterranean diet supplemented
with EVOO vs. control diet at 5 y

Naughton et al., 2018
(43)

Overweight/obese
individuals (n = 8)

Single-blinded crossover pilot study;
comparison of 1 of the 3 tests meals
including a high-OA, a high-linoleic
acid, or a high-carbohydrate; each
participant consumed the test meals
after an overnight fast, with 1 meal
consumed each week in a random
order, with a minimum 5-d period
between meals

Increased fullness and reduced desire to
eat following a high-OA meal;
decreased prospective food intake
following the high-OA meals

Galvão Cândido et al.,
2018 (44)

Adult women with
excess body fat
(n = 41)

Double-blinded, placebo-controlled
clinical trial; high-fat breakfasts
containing 25 mL soybean oil (control
group) vs. EVOO (EVOO group) during
9 consecutive weeks

Higher fat loss (∼80%) in EVOO group,
compared with the control group; an
increase in total body lean mass
percentage in EVOO group, but not in
the control group

1CHO, carbohydrate; DEE, daily energy expenditure; DIT, diet-induced thermogenesis; EE, energy expenditure; EVOO, extra-virgin olive oil; FXCO, flaxseed oil; HCLF, low-fat
high-carbohydrate diet; HF, high-fat; HOCO, high–oleic acid canola oil; LA, linoleic acid; LF, lower-fat; MF, modified-fat; OA, oleic acid; OEA, oleoylethanolamide; PA, palmitic acid;
PP, postprandial; REE, resting energy expenditure; RER, respiratory exchange ratio; RMR, resting metabolic rate; RQ, respiratory quotient; SA, stearic acid; UFA, unsaturated fatty
acid; UF:LF, upper fat to lower fat ratio; WC, waist circumference, WD, Western diet.

recommend the consumption of healthy fats such as OA-rich
oils or diets for body weight maintenance.

In a study by Barbour et al. (42) healthy subjects consumed
high-oleic peanuts (15–20% of energy) or a nut-free control
diet for 12 wk. Energy intake was 10% higher in individuals
who consumed peanuts compared with the control diet
(P < 0.05). The higher energy intake was attributed to a
significant increase in fat consumption (P < 0.001), primarily
MUFAs (P < 0.05), following consumption of peanuts.
Despite higher energy consumption during the peanut phase,
no differences in body composition, and a less than predicted
increase in body weight (0.5 kg) were observed, presumably
due to incomplete nutrient absorption and energy utilization
(42). In addition, MUFA consumption was negatively related
to body fat mass (P = 0.042). These findings indicate that
fat quality could be more closely associated with weight gain
than fat quantity. However, the study lacked a control group
(e.g., with typical linoleic acid content of peanuts). Addition-
ally, in the chronic study evaluating the impacts of high-oleic

peanuts on lipoprotein profiles, participants experienced
a gradual and continuous trend toward weight reduction
during the entire study, despite being asked to maintain
their weight and activity level (23). The effect of high-oleic
peanuts on weight loss was attributed to incomplete nutrient
absorption and energy utilization (23). Recently, Galvão Cân-
dido et al. (44) examined the effects of extra-virgin olive oil
incorporated into an energy-restricted non-Mediterranean
diet program on body composition and weight changes
using DXA scanning in adult women with excess body fat.
Participants consumed a high-fat (HF) breakfast containing
25 mL of extra-virgin olive oil or soybean oil. The results
demonstrated that body weight and BMI were reduced in
both control and olive oil groups due to energy restriction.
Nevertheless, fat loss was ∼80% higher in the extra-virgin
olive oil group compared with the control group. Importantly,
an increase in total body lean mass percentage in the extra-
virgin olive oil group, but not in the control group, was
observed (44).
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OA-rich diets: effects on body composition and energy
metabolism using DXA and indirect calorimetry.
Eight clinical trials (9, 10, 30, 32, 33, 36, 38, 39) have
investigated the effects of diets high in MUFAs on body
composition by DXA scanning and simultaneously assessed
energy metabolism using indirect calorimetry to clarify
the mechanisms that underlie the potential effects of diets
enriched in OA on weight management. Paniagua et al.
(10) examined the impacts of 3 different isocaloric diets
including 1 enriched in saturated fat (SAT), 1 rich in MUFAs
(23%), and 1 high in carbohydrates (CHOs) on body fat
distribution in overweight/obese insulin-resistant subjects
with abdominal fat deposition. Weight, body composition,
and resting energy expenditure did not change during the 3
sequential dietary periods after 4 wk. However, DXA scans
showed an increase in the trunk-to-leg fat ratio after the
CHO-rich diet compared with the MUFA- and SAT-rich diets
(P < 0.05). In fact, following consumption of a low-fat, high-
CHO diet, subjects exhibited a preferential redistribution of
body fat from peripheral adipose tissue in the leg to central
body depots in the trunk. Conversely, a MUFA-rich diet led
to a reduction in the amount of fat mass that was deposited
in the trunk when compared with an isocaloric high-CHO
diet (P < 0.05). Importantly, a higher rate of fat oxidation
(FOx) was reported after consuming a diet rich in MUFAs
compared with CHO- and SAT-rich diets using indirect
calorimetry (P < 0.05) (10).

Seven studies also directly assessed the impacts of differ-
ent fatty acids on body weight and energy metabolism. In
the study performed by Gillingham et al. (36), participants
consumed 3 isoenergetic diets for 28 d, each containing
∼36% energy from fat. There were no significant changes in
body composition measures following consumption of diets
enriched with HOCO (22.9% MUFAs) alone, or blended
with flaxseed oil (FXCO) containing 15.9% MUFAs, in
hypercholesterolemic subjects after 28 d. A trend toward
a decrease in the android-to-gynoid ratio was reported
following consumption of the FXCO diet compared with
the HOCO diet. Nevertheless, the difference did not
reach statistical significance (P = 0.055) by mixed model
ANOVA. Additionally, the results of indirect calorimetry
demonstrated that there were no differences in resting and
postprandial energy expenditure (EE) or substrate oxidation
following consumption of the HOCO or FXCO diets (36). In
contrast, the study conducted by Alves et al. (39) showed that
consumption of high-oleic peanuts within a hypocaloric-diet
for 4 wk led to augmentation of FOx, reduction in body fat
percentage, and promotion of total lean mass percentage in
overweight and obese men. Jones et al. (32) also assessed the
impacts of 3 oils including olive, sunflower, or flaxseed oils, as
part of a breakfast meal on postprandial EE in healthy men.
The meals were identical in composition except for the type
of oil. Their findings demonstrated that the consumption
of olive oil rich in OA led to a significant increase in EE
compared with flaxseed oil (P < 0.0006) and a trend to
increased EE compared with sunflower oil (P < 0.06).

Piers et al. (26) compared postprandial whole-body
FOx rates in humans following consumption of isocaloric
breakfast meals rich in either MUFAs or SFAs. By indirect
calorimetry, they observed that postprandial FOx rates were
significantly higher after breakfast meals rich in monounsat-
urated fat from extra-virgin olive oil compared with breakfast
meals rich in SFAs (P = 0.017). Moreover, the thermic effect
of a meal was significantly higher after breakfast meals rich
in extra-virgin olive oil, in subjects with a high WC than
in those with a low WC (P = 0.034). This effect was not
observed following consumption of breakfast meals rich in
SFAs. Furthermore, the postprandial FOx rate following con-
sumption of a MUFA breakfast was significantly correlated
with lower WC (P = 0.047). Piers et al. (9) also compared
the effects of a diet rich in monounsaturated fat (40% fat,
22% MUFAs) with a diet rich in saturated fat (40% fat, 13%
MUFAs) on body composition in men with obesity. They
found that the men had a lower weight (P = 0.001) and fat
mass (P = 0.003) at the end of the MUFA-rich diet compared
with values at the end of the SFA-rich diet. Men on the
saturated fat–rich diet gained fat mass mainly on the trunk
rather than on the limbs. In contrast, on the MUFA-rich diet,
similar amounts of body fat were lost from both the trunk
and the limbs. However, there were no significant differences
in energy or fat intake, EE, self-reported physical activity, and
substrate oxidation rates (9). Conversely, Kien and colleagues
(30) demonstrated differences in FOx rates between diets rich
in OA or palmitic acid (PA). After a 28-d, baseline, solid-
food diet, adults were randomly assigned to 1 of two 28-
d formula diets: rich in PA (40% fat, 16.4% OA) or rich in
OA (40% fat, 31.4% OA). The 2 groups had similar energy
intake in their HF diet. In the fed state, the rate of FOx was
higher in individuals consuming an OA-rich diet than a PA-
rich diet (P = 0.03), Moreover, daily EE was decreased with
the high-PA diet, but was increased with the high-OA diet
(P = 0.02) (30). Taken together, the authors concluded that
increases in dietary PA could be linked to an increased risk
of obesity, whereas increases in dietary OA could have the
opposite effect. Further analyses indicated that gender altered
the metabolic response to dietary PA compared with OA in
subjects (33). The FOx rate increased following consumption
of a diet rich in OA, but decreased after consuming a diet
rich in PA in women in fed and fasting states. However,
changes observed in men were not statistically significant.
Daily EE changed only in men, increasing on the OA-
rich diet and decreasing on the PA-rich diet (33). Kien et
al. (38) performed a subsequent study and compared a 3-
wk high-PA (40% fat, 16.2% OA) diet with a low-PA and
high-OA diet (40% fat, 28.9% OA) in healthy adults. No
significant differences were detected in body composition
results. Nevertheless, the respiratory exchange ratio in the
fasting state was lower with the PA-rich diet (P = 0.04),
demonstrating higher FOx (38). The discrepancy between
the results was attributed to the differences in study design
(e.g., crossover design, solid or liquid foods). Moreover,
the authors illustrated that plasma concentrations of sex
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hormones might have obscured the real effects of the dietary
fatty acid composition on FOx.

Changes in fat oxidation following consumption of high-
OA–containing meals in isotope tracer studies.
The results of isotope-labeling studies have demonstrated
that diets rich in MUFAs, particularly OA, are readily
utilized for ATP production rather than storage following
consumption (16, 45). In a study performed by Jones et al.
(45), the whole-body oxidation of dietary stearic acid, OA,
and linoleic acid was assessed in males consuming a test
diet of normal foods at a level commensurate with energy
requirements for 16 d. Labeled stearic, oleic, or linoleic acid
was consumed with the breakfast meal on either day 8, 11, or
14. After 3–9 h, there were significant differences in apparent
amounts of labeled oleate, linoleate, and stearate oxidized.
They found that whole-body oxidation of OA exceeded that
of linoleic acid, both of which exceeded that of stearic acid.

Schmidt et al. (24) compared the fractional oxidation of
chylomicron-derived oleate and palmitate in healthy adults.
Participants were fed 13C-labeled oleate or palmitate, and the
postprandial breath enrichment of 13C was measured to clar-
ify which fatty acid was oxidized more. Diet without tracer
was consumed for 2 h before beginning tracer administration
to establish a baseline fed state. The results showed that the
relative oxidation of 13C oleate was significantly higher than
that of 13C palmitate, illustrating the preferential oxidation of
MUFAs compared with SFAs in the fed state.

DeLany et al. (25) examined oxidation of dietary fatty
acids in men consuming a weight-maintenance diet contain-
ing 40% of energy as fat. After consuming the diet for 1 wk,
participants consumed fatty acids labeled with 13C, including
13C-labeled lauric acid, PA, stearic acid, OA, linoleic acid,
or linolenic acid in a hot liquid meal. The results indicated
that lauric acid, a medium-chain SFA, had the highest
oxidation rate. The next most highly oxidized fatty acid was
linolenic acid, followed by elaidic acid, linoleic acid, and
OA, which exhibited similar oxidation rates. It is important
to mention that Jones et al. (45) and Schmidt et al. (24)
measured fecal excretion or monitored appearance of fatty
acids in plasma chylomicrons to control for differences in
absorption, whereas DeLany et al. (25) used a hot liquid meal
with ∼95% absorption of long-chain fatty acids. Previous
studies demonstrated that the more unsaturated a fat is, the
greater its degree of absorption (22, 46). Therefore, a greater
oxidation rate of linolenic acid compared with OA in the
study of DeLany et al. (25) might be due to the differences
in absorption. Hence, their results might not be generalized
and further studies are warranted.

High-OA meals: effects on appetite and food intake.
There are some reports of human studies indicating that diets
rich in OA are involved in the regulation of appetite and
food consumption (27, 42, 43). In a recent study performed
by Naughton et al. (43) in overweight/obese individuals, a
marked increase in fullness and a significant decrease in
feelings of hunger were reported following consumption

of OA-containing meals. Moreover, prospective food con-
sumption was significantly decreased after the consumption
of high-OA meals. In agreement with this, the findings of
another study on healthy normal-weight subjects showed
that after extra-virgin olive oil and high-OA sunflower oil
consumption, energy intake at a subsequent meal and over
the following 24 h was decreased in comparison with a
high–linoleic acid diet (41). Importantly, the circulating
OEA was significantly higher after consumption of a high-
OA diet compared with a diet rich in linoleic acid (41).
These findings indicate that the OA content of a meal can
increase the postprandial response of circulating OEA and
reduce energy consumption at subsequent meals in humans.
A human study by Alfenas et al. (27) also demonstrated
that consumption of muffins containing 2 fat sources rich
in OA, namely, canola oil (OA ∼60% and PUFAs ∼30%)
and peanut oil (OA ∼50% and PUFAs ∼35%), led to
higher fullness and lower hunger ratings after 30, 60, and
120 min relative to ratings after fat-free muffin ingestion
(P < 0.05). In addition, Barbour et al. (40) investigated the
impacts of consuming high-oleic peanuts (OA ∼75%) and
regular peanuts (OA ∼50%) compared with an isocaloric
high-carbohydrate snack on appetite and subsequent energy
consumption. After an overnight fast, participants consumed
isoenergetic amounts of high-oleic or regular peanuts or
potato crisps. The main finding of this recent study was lower
total energy intake, both acutely and over 4 d, following
intake of high-oleic and regular peanuts in comparison with
the isoenergetic intake of a carbohydrate snack (P < 0.05).
Despite these reductions in energy consumption, there were
no differences in perception of satiety. In line with the recent
study, some previous studies also reported no significant
differences between test meals for any appetite parameters
measured when comparing meals rich in OA, linoleic acid, or
SFAs in an acute timeframe (28, 35, 47). These results could
be due to the influence of factors such as sex or weight status
on appetite sensations.

Discussion
Collectively, an extensive body of literature has indicated
that OA-rich diets can improve body weight and compo-
sition. Discussions of the mechanisms of action of diets
enriched in monounsaturated OA in the management
and prevention of obesity are presented in the following
sections.

OA stimulates fatty acid oxidation in a
sirtuin-1/peroxisome proliferator–activated receptor γ

coactivator 1-α–dependent manner
In some previous studies, a decrease in android fat mass
or a reduction in body fatness was reported with diets
enriched in monounsaturated OA (10, 14, 18, 39), whereas
other studies reported a trend toward a significant decrease
(9, 36). However, the effects of diets rich in OA on substrate
oxidation during 3–4 wk of intervention are conflicting.
In this regard, some previous studies have found increased
FOx following consumption of diets high in OA compared
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with diets rich in CHOs or SFAs (10, 30, 33), whereas
other studies have reported no differences in FOx rates (9,
36). In 1 study, a greater FOx rate following consumption
of a high-SFA diet compared with a high-OA diet was
observed (38). The discrepant findings in different trials are
unexpected, because studies of the HF meal challenge using
stable isotope tracers have collectively demonstrated that
UFAs induce higher FOx rates than SFAs of similar length
in the postprandial state (6). Furthermore, the results of
long-term dietary interventions indicate that UFAs induce
higher EE, diet-induced thermogenesis (DIT), and/or FOx
compared with SFAs, and that a diet rich in MUFAs leads to
greater weight loss in comparison with a diet rich in SFAs
(6, 16). In addition, some studies have revealed that gender,
weight, or BMI status can also influence metabolic responses
to different fatty acids (6, 38). Overall, previous research
findings support the notion that UFAs are more metabolically
useful, specifically MUFAs ≥ PUFAs > SFAs, as evidenced
by the greater DIT and FOx after the consumption of HF
meals (6).

One of the mechanisms by which OA might exert these
effects is, at least in part, through stimulating the AMP-
activated protein kinase (AMPK) signaling pathway (48).
AMPK increases sirtuin-1 (SIRT1)-mediated peroxisome
proliferator–activated receptor γ coactivator 1-α (PGC-1α)
transcriptional complex activity to regulate the rates of fatty
acid oxidation (49). It has been reported that OA, but
not other long-chain fatty acids, augments the intracellular
concentration of cAMP that stimulates protein kinase A
(PKA) activity (48). This leads to SIRT1 phosphorylation
and the promotion of its catalytic deacetylase activity. As
a result, the transcriptional coactivator PGC-1α becomes
deacetylated and hyperactive, resulting in increases in the
expression of genes involved in the oxidation of fatty acids
(48–51). In summary, OA stimulates FOx by signaling and
transcriptional mechanisms providing a negative feedback
loop that might clarify some of the protective effects of OA
against obesity.

AMPK has also been recognized as a critical integrator
of signals regulating inflammation, including the nucleotide
oligomerization domain–like receptor protein 3 (NLRP3)
inflammasome and caspase 1 (52). Recent studies suggest
a role for NLRP3 in obesity and its associated disorders.
The activation of the NLRP3 inflammasome results in the
maturation of IL-1β and IL-18. These are proinflamma-
tory cytokines released by immune cells infiltrating the
adipose tissue from obese subjects (53–55). Although SFAs
have recently been proposed to stimulate IL-1β secretion
in murine macrophages through a caspase-1/apoptosis-
associated speck-like protein/NLRP3-dependent pathway,
OA exerts a preventive role in the activation of the NLRP3
inflammasome related to obesity (56). Importantly, OA
also prevents SFA-induced IL-1β production (56). IL-1β

has emerged as a main inducer of the proinflammatory
response in obesity (57). Collectively, by stimulating AMPK
signaling and thereby downregulating the NLRP3/caspase-1

inflammasome pathway, OA could contribute to protection
against obesity.

OA and stearoyl-CoA desaturase 1 activity
It is hypothesized that stearoyl-CoA desaturase 1 (SCD1)
might also play a key role in the effects of diets enriched in
monounsaturated OA on body weight and composition (58,
59). SCD1 catalyzes the rate-limiting step in the production
of MUFAs from SFAs (60). Palmitic and stearic acids serve
as the preferential substrates for the action of SCD1. They
are converted by SCD1 into palmitoleic acid and OA,
respectively. It has been well established by past studies
that elevated SCD1 activity is associated with metabolic
disturbances such as obesity and insulin resistance, whereas
low concentrations are protective against metabolic disorders
(59, 60). These results were generated from studying mice
with natural or SCD1-directed mutations (61–63). SCD1-
deficient mice were resistant to diet-induced weight gain. The
protection from obesity involved elevated EE and increased
oxygen consumption. Additionally, in the SCD1-deficient
mice, the expression of several genes associated with lipid
oxidation was upregulated, whereas the expression of genes
related to lipid synthesis was downregulated (64). SCD1
−/− mice exhibited a reduction in the expression of the
principal lipogenic transcription factor sterol regulatory
element–binding protein-1 (SREBP-1) (65). Lounis et al.
(65) demonstrated that SCD1 deficiency was associated with
a greater concentration of PUFAs, EPA, and DHA, which
presumably stimulated β-oxidation through the activation of
peroxisome proliferator–activated receptor α (PPAR-α).

An experimental study performed by Hannah et al. (66)
demonstrated that oleate and palmitoleate decreased the
nuclear content of SREBP-1 in cultured human embryonic
kidney-293 cells. The authors concluded that UFAs could
downregulate nuclear SREBPs and that UFAs had their
greatest inhibitory effects on SREBP-1a and SREBP-1c,
leading to decreased expression of lipogenic genes (66).
However, there are studies demonstrating that animals fed
HF diets rich in OA become obese (67–69). Moreover, Lounis
et al. (65) showed that oleate treatment of HepG2 cells
enhanced SREBP-1 gene expression. These discrepancies
between the results were attributed to the differences in
SREBP-1 isoform ratios in various cell types. Furthermore,
the authors suggested that endogenously synthesized OA is
likely a more readily accessible regulator of lipogenic gene
expression than dietary OA (65). It seems that there is a
difference between dietary OA and OA that is formed by de
novo lipogenesis. In addition, experimental studies cannot
necessarily be generalized to humans.

It has also been suggested that the amounts of substrate
and final product play a key role in the regulation of SCD1
activity (70). This accounts for the interest in the role of
the SCD1 substrates or products present in the diet, such
as OA from olive oil (70). According to this hypothesis,
whereas consumption of PA and stearic acid acts as a
substrate activating SCD1 function and favoring obesity,
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FIGURE 2 Possible mechanisms of action of diets enriched in monounsaturated oleic acid in the management and prevention of
obesity. AMPK, AMP-activated protein kinase; ASC, apoptosis-associated speck-like protein; NLRP3, nucleotide oligomerization
domain–like receptor protein 3; OEA, oleoylethanolamide; PGC1α, peroxisome proliferator–activated receptor γ coactivator 1-α; PPAR-α,
peroxisome proliferator–activated receptor α; Pro-Casp-1, pro-caspase-1; RXR, retinoid X receptor; SCD1, stearoyl-CoA desaturase 1; SIRT1,
sirtuin-1; UCP1, uncoupling protein 1.

dietary OA can downregulate SCD1 activity, thus favoring
weight loss (44, 70). However, because of the discrepant
results of various studies, the effect of dietary OA on
SCD1 activity needs to be better clarified in metagenomic
studies.

OA exerts appetite-modulating effects via OEA
It is assumed that the favorable body composition changes
seen in response to the consumption of a diet rich in OA
can also be mediated through OEA, which is a derivative of
OA (5, 15, 16). A large number of studies have demonstrated
that OEA participates in the regulation of energy intake,
feeding behavior, and weight gain control (41, 71–75). The
major action of OEA in modulating food consumption is
mediated through the activation of PPAR-α, a key transcrip-
tional regulator of energy homeostasis and lipid metabolism
(15, 76). Previous studies have confirmed that PPAR-α plays
an important role in lipid metabolism; it enhances fatty
acid oxidation and ketogenesis (77). Bowen et al. (16) have
reported that OA-derived OEA has a critical role in fat

metabolism in the human body. OEA, an endogenous PPAR-
α agonist, increases fat utilization by stimulating the uptake
of fatty acids, intracellular transport, lipolysis, and FOx
(77). In summary, the evidence indicates that the OA-rich
diets induce OEA synthesis, resulting in increased FOx and
EE in the presence of PPAR-α (5, 16). Additionally, it has
been suggested that OEA increases control of energy intake
by decreasing hunger and subsequent food consumption
through enhancement of expression of genes related to satiety
(74, 78). Accordingly, OEA, an endocannabinoid derivative
of OA, might also be involved in the appetite-modulating
effects of OA.

Future clinical and research directions
As noted above, most human clinical studies have shown
that diets enriched in monounsaturated OA can play a
major role in body weight regulation. Nevertheless, future
intervention studies with larger sample sizes are warranted to
evaluate the long-term effects of OA-rich diets on regional fat
distribution and energy metabolism. Overweight and obesity,
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sex hormones, and genetic variations are the core factors
that should be taken into consideration when evaluating
differences in response to dietary intervention. Moreover,
clinical trials with participant selection based on the selected
single nucleotide polymorphism–related genotypes are re-
quired. Future robust clinical trials are needed to explore
whether the impacts of OA on body composition are a result
of OEA-related mechanisms or merely the consequence
of replacing other fatty acids such as SFAs and PUFAs
with OA. Additionally, the intriguing effect of OA on the
expression and activity of SCD1 needs to be better clarified
in metagenomic studies.

Conclusions
According to the studies examined in this review, diets
enriched in OA affect fat balance, body mass, and possibly
EE. More importantly, abdominal fat and central obesity can
be reduced following consumption of high-OA–containing
meals. The possible mechanisms of action of diets enriched
in monounsaturated OA in the management and prevention
of obesity are shown in Figure 2. In summary, OA-rich
diets could be involved in the regulation of food consump-
tion, body weight, and EE by: 1) stimulating the AMPK
signaling pathway, which increases SIRT1/PGC-1α activity
to regulate the rates of fatty acid oxidation; 2) preventing
NLRP3/caspase-1 inflammasome-associated obesity; 3) in-
ducing OEA synthesis, which leads to increased FOx and
EE in the presence of PPAR-α; and 4) downregulating SCD1
activity. Collectively, these results lend support to advice not
restricting consumption of OA-rich meals so as to maintain
a healthy body weight. Furthermore, the beneficial effects of
diets enriched in OA in regulating body weight lead to the
conclusion that diets enriched in OA should be included in
obesity-management programs.
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